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 Ten biodiesel types from various raw materials were studied in composition free steroids.
 Contents of steroids present in biodiesel determined by GC-FID showed great variability among them.
 Results obtained by GC–MS were used in identiﬁcation of steroids quantiﬁed.
 Types of steroids present in biodiesel and its own peculiar distribution showed that some steroids were exclusive.
 Composition of steroids in this study allows the identiﬁcation of different types of biodiesel in a blend them.a r t i c l e i n f o
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This study aimed to extract, characterize and quantify free steroids present on various types of methyl
biodiesel produced in the laboratory from different raw materials and a special type of commercial bio-
diesel. Steroid extraction was performed by sample saponiﬁcation followed by solvent extraction of insa-
poniﬁcable. Steroid characterization was obtained by gas chromatograph equipped with a ﬂame
ionization detector (GC-FID) and by gas chromatograph coupled with a mass spectrometer (GC–MS); ste-
roid quantiﬁcation was performed by GC-FID. Several different free steroids found present in the biodie-
sel types were analyzed; some of them were identiﬁed as exclusive to certain biodiesel types. It was
possible, based on the present free steroid proﬁle analysis methodology, to identify the origin of a com-
mercial biodiesel. Analyses had show that steroid content in biodiesel types ranged from 610 mg kg1 in
the babassu biodiesel to 3250 mg kg1 in the crambe biodiesel.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
Brazil’s potential for biodiesel production from various fatty
raw materials has expanded throughout the country and over the
years a number of vegetable and animal oils and fats have been
cited as potential sources [1]. Given this great diversity in raw
materials, it is possible to produce biodiesel with different speciﬁ-
cations, which are monitored using methods deﬁned in legislation
and approved by the ANP (National Agency of Petroleum, Natural
Gas and Biofuels) [2].
The continuous rise of biodiesel percentages added to diesel
provides evidence of the success of Brazil’s National Program of
Biodiesel Production and Use (PNPB) and the country’s accumu-
lated experience in large-scale production and use of biofuels [2].
However, aspects pertaining to quality control still cause objection
as regards the program’s full success. This is the reason whycontrolling the quality of biodiesel and its blends with diesel is a
critical step in ensuring the reliability of this biofuel [3].
To succeed in biodiesel quality is of paramount importance to
know the origin of the fatty raw materials used in its production,
since different speciﬁcations are obtained by different raw materi-
als. Steroid composition has been used to characterize oils or fats
[4–6]. It is also possible to characterize biodiesel produced by var-
ious fatty raw materials because reaction conditions of biodiesel
production from oils and fats are not capable of eliminating these
constituents from the biofuel matrix [7,8].
Steroids are lipids in order of ppm found in oils and fats known
particularly for their ‘ﬁngerprint’ in identifying these oils and fats
[9]. Depending on the source of oils or fats under analysis, steroid
content may vary, but rarely among types and their relative pro-
portions [10]. Steroids may be distributed in free form (S) or con-
jugated form (ES, ASG, SG,) [11]. The present paper concerns a
free forms distribution proﬁle study.
Some biodiesel components are known to produce sediments.
Previous studies have conﬁrmed the presence of steroids in sedi-
ment formation [7,8,12,13]. These steroids may become insoluble
Table 1
Results fortiﬁcation recovery test.
Steroid Spiked amount n Recovery (%)a RSD (%)b
b-Sitosterol 10 mg kg1 3 93.66 8.65
1000 mg kg1 3 90.31 9.91
2500 mg kg1 3 95.76 10.64
Cholesterol 10 mg kg1 3 89.90 6.28
1000 mg kg1 3 94.71 8.39
2500 mg kg1 3 102.80 11.24
a Mean recovery.
b Relative standard deviation.
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able concentration in the biofuel [14].
In this sense, this study analyzes free steroids distributed in
methyl biodiesel produced from various fatty raw materials. They
are sought to obtain qualitative and quantitative data that may
also help to characterize the biodiesel origin.
2. Materials and methods
2.1. Methyl biodiesel
Methyl biodiesel from various fatty raw materials, such as
babassu, canola, cotton, crambe, palm, palm kernel, peanut, soy-
bean, sunﬂower and tallow, were analyzed in laboratory according
to procedure developed by Prados et al. [15].
2.2. Analysis free steroids
All experimental procedure for analysis of free steroids in bio-
diesel by gas chromatograph equipped with a ﬂame ionization
detector (GC-FID) and by gas chromatograph equipped with a mass
spectrometer (GC–MS) was based on the procedure developed by
Bezerra et al. [9] for analysis of steroids in vegetable oils.
2.3. Fortiﬁcation recovery test
Cholesterol and b-sitosterol standard solutions at 10, 1000, and
2500 mg kg1 concentrations were added to soybean biodiesel for
fortiﬁcation recovery testing. Before extracting steroids, the biodie-
sel was fortiﬁed and injected into GC-FID for analysis by Bezerra
and Antoniosi Filho [9]. The analysis of each fortiﬁcation sample
was carried out in triplicate. Recoveries were calculated from the
peak areas of test samples and compared with those of blank
sample.
2.4. Analysis of commercial biodiesel
A Brazilian commercial biodiesel was subjected to experimental
procedure of analysis of free steroids in biodiesel, in order to iden-
tify the raw materials used on its production.
3. Results and discussion
3.1. Fortiﬁcation recovery test
The values obtained by recovery test for fortiﬁed b-sitosterol
and cholesterol ranged from 90.31% to 95.76% and from 89.90%
to 102.80%, respectively (Table 1). The results showed reasonable
accuracy for method proposed. Relative standard deviation ranged
from 8.65% to 10.64% for b-sitosterol and from 6.28% to 11.24% for
cholesterol (Table 1), presenting excellent results as regards the
method’s precision. These results show that the method is good
enough to quantify free steroids in biodiesel.
3.2. Qualitative analysis of free steroids
Through the GC-FID analysis, it was possible to identify the elu-
tion times of steroids found in various biodiesel types analyzed, as
well as the elution times related to the internal standard (Table 2).
Results show that all steroids eluted in times ranging from
18.71 min to 28.20 min. The elution time obtained for the internal
standard betulin was 29.44 min. Results obtained by GC–MS were
also used in identiﬁcation of steroids. Table 2 lists the main frag-
mentation patterns obtained free steroids identiﬁed in all
biodiesel.The presence of b-sitosterol, campesterol, brassicasterol, choles-
terol, and stigmasterol was identiﬁed by elution times and by mass
spectrometry results, obtained through the analyses of reference
standards for each of these steroids. Steroids St. 1–St. 16 were
identiﬁed by elution time and mass spectrometry analysis
obtained by previous studies, particularly that of Bezerra and
Antoniosi Filho [9]. Steroids St. 17–St. 21 were identiﬁed by
GC–MS (Fig. 1), and their elution times characteristic identiﬁed
by GC-FID (Table 2).
The fragmentation observed in the free steroids (Table 2) makes
it possible to generate ions useful in locating substituents present
in the ABCD-ring (Fig. 2), which forms steroids’ basic structure.
In most cases, the number of double bonds found in the ABCD-
ring after loss of the entire derivative group and loss of the side-
chain may be predicted via mass spectra. In case of steroids with
double bond in the side-chain, the loss of this chain is often accom-
panied by the loss of two D-ring’s hydrogens [16,17].
As shown in Table 2, derivatized steroid easily loses the frag-
ment M+-90 by ionization that represents the loss of all derivatized
structure linked to the steroid molecule. Other fragment formed in
steroids is fragment M+-105 that represents the loss of an entire
derivatized along with a methyl side chain.
Mass spectra of D5 steroids (which show unsaturation between
carbons 5 and 6 at B-ring) reveal an intense peak, normally the
base peak, at m/z 129, accompanied by ion M+-129. b-sitosterol,
brassicasterol, and cholesterol are examples of such steroids. An
intense fragment ion is usually formed by loss of the entire side-
chain; a fragment ion in this loss is normally represented by peak
m/z 255. Nearly all steroids identiﬁed in this study showed this
fragment, with the exception of steroids St. 1, St. 3, St. 7, and St. 19.
The fragment of side-chain m/z 213 was also selected as a peak
of signiﬁcant importance in steroids’ identiﬁcation, which repre-
sents D-ring cleavage. Another characteristic fragment, related to
the cleavage of C- and D-rings, that was found in some of the iden-
tiﬁed steroids ism/z 173. Fragmentm/z 73 [Si(CH3)3] is common in
steroids derived by TMS substituents, and virtually all identiﬁed
steroids showed this fragment ion.3.3. Quantitative analysis of free steroids
The present study offers a new perspective in biodiesel identiﬁ-
cation, in that it brings forth the analysis of free steroids in addition
to the analysis steroids in of oils and fats, as has been frequent in
the literature. There was considerable diversity of biodiesel types
under investigation, as well as a large number of steroids identiﬁed
in each of them. Quantitative data obtained for steroid content in
biodiesel (mg kg1) via GC-FID analysis are shown in Table 3.
b-Sitosterol was the predominant steroid in all oleaginous
based biodiesel types, with over 50% in mass. Other important
steroids identiﬁed in oleaginous are campesterol, stigmasterol,
and St. 1. These data are in accordance with results described in
the literature as regards oils and fats [4,6,18].
Table 2
Elution times and main fragments (m/z) obtained for free steroids identiﬁed in biodiesel.
Steroid Elution time Fragments (m/z) obtained for steroids derivatized with MSTFA
Absolute (min) Relative to betulin M+ M+-90 M+-105 M+-129 m/z 255 m/z 213 m/z 173 m/z 129 m/z 73
b-sitosterol 25.77 0.88 486 396 381 357 x x x x x
Campesterol 22.61 0.77 472 382 367 343 x x x x x
Brassicasterol 21.68 0.74 470 380 365 341 x x x x x
Cholesterol 21.57 0.73 458 368 353 329 x x  x x
Stigmasterol 24.23 0.82 484 394 379 355 x x x x 
St. 1 26.34 0.89 484 394  355  x x x x
St. 2 26.45 0.90 486 396 381 357 x x x  
St. 3 27.03 0.92 484 394 379 355     x
St. 5 26.20 0.89 499  394  x x x x x
St. 7 18.71 0.64 467 377  338     x
St. 9 21.16 0.72 500  395  x x   x
St. 10 27.61 0.94 484  379  x x x x x
St. 12 27.30 0.93 483 393 378  x  x x x
St. 13 28.20 0.96 483 393 378  x  x x x
St. 14 20.46 0.69 484 394 379  x x x  x
St. 15 26.20 0.89 483 393 378  x x x  x
St. 16 23.80 0.81 472 382  343 x x x x x
St. 17 28.13 0.96 486 396   x x x x x
St. 18 23.80 0.81 488 398  359 x x   
St. 19 26.13 0.89 483 393    x x x x
St. 20 27.03 0.92 485    x  x x x
St. 21 19.34 0.66 482   353 x x x  
M+ = molecular ion, M+-90 = molecular ion-90m/z, etc.
x = detected.
 = not detected.
Fig. 1. Mass spectrum obtained for free steroids identiﬁed in this study, in comparison to mass spectrum standard of b-sitosterol.
Fig. 2. Representation of group rings that form basic structure of steroids.
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Table 3
Steroid content and total content in biodiesel.
Steroid Steroid content in biodiesel from different raw materials (mg kg1 of biodiesel)
Babassu Canola Cotton Crambe Palm Palm
Kernel
Peanut Soybean Sunﬂower Tallow
b-sitosterol 320 1440 1280 1690 1540 630 1800 1110 2020 –
Campesterol 90 810 160 640 410 70 690 250 250 –
Stigmasterol 50 40 20 50 250 90 60 300 260 –
Cholesterol – – – – – – – – – 2350
Brassicasterol 10 190 90 320 80 30 – 10 – –
St. 1 100 60 160 180 – 20 120 30 110 –
St. 2 – 30 – – – – 10 – 200 –
St. 3 30 70 – 250 150 70 50 – – –
St. 5 – – – – – – – 40 – –
St. 7 10 10 170 50 – – 10 120 – –
St. 9 – – 10 – 120 – – – – –
St. 10 – – 30 – – – – – – –
St. 12 – – – – – – – 20 – –
St. 13 – – – – – – 10 – –
St. 14 – 10 – – – – – – – –
St. 15 – 10 – – – – – 80 – –
St. 16 – – – 70 – – – – – –
St. 17 – – – – – – – 20 – –
St. 18 – – – – – – – – – 300
St. 19 – – – – – 40 – – – –
St. 20 – – 40 – – – – 70 390 –
St. 21 – 10 – – – – – – – –
Total 610 ± 22.37 2680 ± 57.05 1960 ± 45.26 3250 ± 48.35 2550 ± 31.20 950 ± 30.07 2740 ± 33.85 2060 ± 53.05 3230 ± 32.48 2650 ± 36.15
not detected.
Total = Retention time ± standard deviation.
Table 4
Steroids identiﬁed in sample of commercial biodiesel.
Elution time relative
betulin
Steroids
identiﬁed
Content mg kg1
Soybean Commercial
biodiesel
0.61 St. 7 120 50
0.79 Campesterol 250 310
0.81 Stigmasterol 300 420
0.86 b-sitosterol 1110 1100
0.88 St. 5 40 30
0.89 St. 1 30 30
0.90 St. 2 70 100
0.91 St. 3 – 70
0.92 St. 15 80 60
0.94 St. 12 20 30
not expressed.
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reached 2060 mg kg1. The results are in accordance with the liter-
ature [9,10,19]. Soybean biodiesel showed the greatest steroid
diversity. It also revealed that exclusive steroids St. 5, St. 12, St.
13, and St. 17, which account for its immediate identiﬁcation when
compared to any other biodiesel types were analyzed.
The total content of free steroids found in sunﬂower biodiesel
reached 3230 mg kg1. The results are in accordance with the liter-
ature [9,10,20]. The total content of free steroids found in canola
biodiesel reached 2680 mg kg1 [9,10,20]. Canola biodiesel also
revealed exclusive steroids St. 14 and St. 21, both of which serve
to identify this biodiesel type among the remaining ones analyzed
in this study.
Total steroid contents in palm, cotton and peanut biodiesel
were also compared with those described in the literature
[9,10,21]. Palm kernel biodiesel revealed low free steroid content
of 950 mg kg1 [9,10] and steroid St. 19 is exclusive of this oleagi-
nous. The exclusive steroid St. 10 was identiﬁed in cotton biodiesel.
Therefore, immediate identiﬁcation was possible in the case of
both palm kernel and cotton biodiesel, when compared to all other
biodiesel types.
All comparisons found in the literature are based on oil analysis,
in view of the lack of reports on the quantiﬁcation of a great range
of free steroids or on the quantiﬁcation of their total content in bio-
diesel. The highest total steroid content was found in crambe bio-
diesel (3250 mg kg1), which revealed an exclusive steroid, St. 16.
The lowest total content was found in babassu biodiesel
(610 mg kg1).
Tallow is a constant source for biodiesel production in Brazil.
Steroids identiﬁed in tallow biodiesel are not the same for all the
remaining biodiesel types, which originate from vegetable sources.
Two different steroids were identiﬁed, cholesterol being the most
abundant (over 85% in mass). The other steroid was St. 18. Total
steroid content quantiﬁed in tallow biodiesel was 2650 mg kg1.
Therefore, this biodiesel type may be characterized immediately
when compared to the other raw materials.
In relation to the sediment formation in biodiesel caused by the
presence of steroids, babassu and palm kernel biodiesel showedthe lowest free steroid contents, which may generate a lower
amount of sediments in biodiesel. In spite of this, babassu and
palm kernel biodiesel are still little used for biodiesel production
in Brazil.
3.4. Analysis of commercial biodiesel
The present method of free steroids determination in biodiesel
was tested on a sample of commercial biodiesel in an attempt to
identify the raw materials used on its production, which was not
previously known.
Table 4 shows the elution time relative to internal standard,
which was used in identifying which steroids were present in com-
mercial biodiesel. Through identifying steroids made it possible to
predict the raw materials used in the biodiesel production of this
commercial biodiesel.
Steroids campesterol, stigmasterol, and b-sitosterol were iden-
tiﬁed in the biodiesel sample, but they are not the parameters for
the identiﬁcation of the raw material because they were found in
all biodiesel types analyzed in this study. Other peaks were identi-
ﬁed as belonging to steroids St. 7, St. 5, St. 1, St. 2, St. 15, and St. 12.
St. 5 and St. 12 being exclusive steroids in soybean biodiesel; this is
Fig. 3. GC-FID analysis of steroids present in commercial biodiesel and soybean biodiesel.
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duce the commercial biodiesel sample. Steroids St. 13 and St. 17
were probably not identiﬁed in the biodiesel due to their low con-
tent in the soybean biodiesel.
Another free steroid identiﬁed but not found in the soybean bio-
diesel is St. 3 which was identiﬁed in peanut, babassu, canola,
crambe, palm and palm kernel biodiesel. One may exclude the
presence of crambe and palm kernel biodiesel, given the fact that
these types of biodiesel have considerable amounts of exclusive
steroids, which were not have been identiﬁed in this commercial
biodiesel. The babassu biodiesel may also be excluded, since the
quantity of St. 3 identiﬁed in the commercial biodiesel is signiﬁ-
cantly higher than that quantiﬁed in babassu biodiesel.
In summary, it can be concluded that the commercial biodiesel
under analysis was a soybean biodiesel and possibly containing
traces of peanut, canola, and/or palm derived steroids contami-
nants. Fig. 3 shows the GC-FID chromatogram for the commercial
biodiesel’s steroid analysis, as well as the chromatogram obtained
for the soybean biodiesel under equal conditions, and both of
which conﬁrm the similarities between their chromatographic
proﬁle. Table 4 also lists steroid contents identiﬁed in the commer-
cial biodiesel in comparison with contents quantiﬁed for the
soybean biodiesel.
The result obtained is in agreement with the raw materials
composition of most of the commercial Brazilian biodiesel which
is frequently a mixture of mainly biodiesel from soybean oil with
either tallow and/or minor quantities of waste oils which are
composed by several different oils such as those observed in the
composition of the commercial biodiesel analyzed in this work.4. Conclusion
A novel method has been proposed in this study capable to
characterize the proﬁle of free steroids present in biodiesel of var-
ious types. The method has proved to be satisfactory showing
excellent precision and accurate results regarding fortiﬁcation
tests. The present analyses pointed out a peculiar distribution of
steroids’ proﬁle for each type of biodiesel. Results had also shown
the potentiality of this innovating method as a useful tool for ﬁn-
gerprint applications concerning the characterization of commer-
cial biodiesel produced from different raw materials.Acknowledgements
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